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0. INTRODUCTION

"Process Design of Pressure
Reducing/Increasing Machineries and or
Equipment" are broad and contain various
subjects of paramount importance. Therefore a
group of process engineering standards are
prepared to cover the subject.

This group includes the following standards:

Standard Code Standard Title

IPS-E-PR-330 " Engineering Standard for
Process Design of
Production & Distribution
Compressed Air Systems"

IPS-E-PR-745 " Engineering Standard for
Process Design of Vacuum

Equipment (Vacuum
Pumps and Steam Jet
Ejectors)"

IPS-E-PR-750 " Engineering Standard for
Process Design of
Compressors"

IPS-E-PR-755 " Engineering Standard for
Process Design of Fans
and Blowers"

This Engineering Standard Specification
covers:

"PROCESS DESIGN OF COMPRESSORS"
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1. SCOPE

This Engineering Standard Specification covers
the minimum requirements, basic reference
data and necessary formulas for process
calculations and proper selection of
compressors to be used in the OGP industries.

Compressors are dealt within four groups;
axial, centrifugal, reciprocating and rotary, and
each covered in separate section.

Note 1:

This standard specification is reviewed and
updated by the relevant technical committee on
Feb 2005, as amendment No. 1 by circular No.
257.

Note 2:

This bilingual standard is a revised version of
the standard specification by the relevant
technical committee on Feb 2010, which is
issued as revision (1). Revision (0) of the said
standard specification is withdrawn.

Note 3:

In case of conflict between Farsi and English
languages, English language shall govern.

2. REFERENCES

Throughout this Standard the following dated
and undated standards/codes are referred to.
These referenced documents shall, to the extent
specified herein, form a part of this standard.
For dated references, the edition cited applies.
The applicability of changes in dated references
that occur after the cited date shall be mutually
agreed upon by the Company and the Vendor.
For undated references, the latest edition of the
referenced  documents  (including  any
supplements and amendments) applies.

API (AMERICAN
INSTITUTE)

API Std. 614 "Lubrication, Shaft-Sealing,
and Control-Oil Systems and
Auxiliaries" 5th. Ed

PETROLEUM

API Std. 617, "Axial & Centrifugal
Compressors & Expander
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IPS IRANIAN
STANDARDS)

Compressors for Petroleum,
Chemical and Gas Industry
Services" 7™ Ed., July 2002

API Std. 618, "Reciprocating Compressors
for Petroleum, Chemical and
Gas Industry Services" 4"
Ed. 1995

API Std. 619, "Rotary-Type Positive-
Displacement Compressors
for Petroleum,
Petrochemical, and Natural
Gas Industries” 3™ Ed.
1997

API Publication "Conversion of Operational
and Process Measurement
Units to the Metric (SI)
Units",2001

PETROLEUM

IPS-E-GN-100 "Engineering Standard for
Units"

IPS-E-PR-330  "Engineering Standard for
Process Design of
Compressed Air Systems"

IPS-M-PM-170 "Material and Equipment
Standard for Centrifugal
Compressors for Process
Services"

IPS-M-PM-190 " Material and Equipment
Standard for Axial Flow
Centrifugal Compressors"

IPS-M-PM-200 " Material and Equipment
Standard for Reciprocating
Compressors for Process
Services"

IPS-M-PM-220 " Material and Equipment
Standard  for  Positive
Displacement
Compressors, Rotary"
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"GPSA Engineering Data Book,"12"
Ed. January 2004

*Text Book

3. DEFINITIONS AND TERMINOLOGY

3.1 Terms used in this Standard are in
accordance with the relevant sections of
definition of terms specified in API Standard
617, API Standard 618 and API Standard 619,
unless otherwise stated in this Section.

3.2 Inlet Cubic Meters per Hour (Im?*/h)

Refers to flow rate determined at the conditions
of pressure, temperature, compressibility and gas
composition, including moisture, at the
compressor inlet flange (substitution to API Std.
617,1.5.14).

3.3 Actual Cubic Meters per Hour (Am?/h)

Refers to the flow rate at flowing conditions of
temperature and pressure at any given location.
Because this term describes flow at a number of
locations, it should not be used inter-chanegably
with inlet m*/h.

3.4 Standard Cubic Meter per Hour (Sm?h)

Refers to the flow rate at any location corrected
to a pressure of 101.325 kPa and at a temperature
of 15°C with a compressibility factor of 1.0 and
in a dry condition.

3.5 Normal Cubic Meters per Hour (Nm?3/h)

Refers to a flow rate at any location corrected to
the normal atmospheric pressure and a
temperature of 0°C with a compressibility factor
of 1.0 and in dry conditions.

3.6 Specific Volume

Is the volume per unit mass or volume per mole
of material.
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4. SYMBOLS AND ABBREVIATIONS

C, = Specific heat at constant pressure,
C, = Specific heat at constant volume,
D = Cylinder inside diameter,

d = Piston rod diameter,

Ghp = Gas horsepower, actual compression
horsepower excluding mechanical losses,

H = Head,

h = Enthalpy,

k = Isentropic exponent, Cp/Cv

MC, = Molar specific heat at constant pressure,
MCyv = Molar specific heat at constant volume,
MW = Molecular weight,

N = Speed, rpm

Nm = Molar flow, moles/min

n = Polytropic exponent or number of moles
P = Pressure,

PD = Piston displacement,

Q = Inlet capacity

Qg = Standard gas flow rate,

r = Compression ratio, P2/P1

s = Entropy,

Stroke = Length of piston movement,

T = Absolute temperature,

t = Temperature

VE = Volumetric efficiency,

w = Weight flow,

Z = Compressibility factor,

Zavg = Average compressibility factor,

n= Efficiency, expressed as a decimal,
Subscripts

avg = Average

d = Discharge

g = Gas

is = Isentropic process

L = Standard conditions used for calculation or
contract
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p = Polytropic process

S = Standard conditions, usually 14.7 psia,60°F
s = Suction

t = Total or overall

1 = Inlet conditions

2 = Qutlet conditions

5. UNITS

This Standard is based on International System
of Units (SI) as per IPS-E-GN-100, except where

otherwise specified.

6. GENERAL

- Compressors are generally divided into three
major types, dynamic, positive displacement
and thermal as shown in Fig. A.1 of Appendix
A.

- For typical figures of three type of
compressors see Appendix C

- The type of compressor to be used shall be the
most suitable for the duty involved. See the
compressor coverage chart in Fig. A.2 of
Appendix A.

- Adequate knock out facilities including
demister pads where necessary shall be
provided to prevent damage by liquid carry
over into the compressor.

- Compressors handling SO,, HCI or other
gases which are corrosive in the presence of
water, shall not employ water as a cooling
medium unless the water circuit is positively
isolated from the gas side, e.g., by separate
water jackets. It is not sufficient to rely on
gaskets or seals for isolation.

Similar restrictions shall apply to the use of
glycol as a coolant for machines handling
corrosive gases plus hydrogen as the hydrogen
can react with glycol to form water. The use of
oil as a cooling medium will be acceptable as
an alternative in special cases.
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- Rotodynamic compressors are to be provided
with anti-surge equipment. The response time
for the control equipment shall be such as to
prevent surge during any anticipated process
condition, due consideration being given to the
speed at which process changes or upsets can

move the compressor operation towards surge.

For the more complicated installations with
multiple stages and sidestreams, or multiple
units (in series or parallel) or variable speed
units, an analysis of the stability of the anti-
surge control system is also necessary.

6.1 Type Selection Criteria

The choice of the type of compressor, whether
axial, centrifugal, reciprocating or rotary,
depends primarily on the required flow to be
compressed, the density of the gas in conjunction
with the total head (for a given gas, this is the
compression ratio) and the duty which has to be
performed. Table A.1 of Appendix A outlines the
compression limits for the four types of
compression equipment.

6.1.1 Axial compressors

Axial compressors can handle large volume flow
and are more efficient than centrifugal
compressors. However, centrifugals are less
vulnerable and hence more reliable, have wider
operating ranges and are less susceptible to
fouling.

Axial compressors should be considered only for
air, sweet natural gas or non-corrosive gases.
Axial compressors shall be in accordance with
Iranian Petroleum Standards IPS-M-PM-190, for
"Axial Flow Centrifugal Compressors".

6.1.2 Centrifugal compressors

Providing a centrifugal compressor can handle
the required flow with a reasonable efficiency,
then this type is the preferred choice because it

has the potential to operate continuously for long
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periods, if properly designed and assembled. If
the flow at discharge conditions is 300 m3/h or
more, then the possibility of using centrifugal

compressor to be investigated.

Centrifugal compressors shall be designed in
accordance with API Std. 617 as amended by
Iranian Petroleum Standards IPS-M-PM-170, for
"Centrifugal Compressors for Process Services".

6.1.3 Reciprocating compressors

Where the required flow is too small for a
centrifugal compressor, or where the required
head is so high that an undesirably large number
of stages would be necessary, then generally the
choice should be a reciprocating compressor.

As a reciprocating compressor cannot fulfill the

minimum requirement of continuous
uninterrupted operation for a twoyear period, due
to fairly high maintenance requirements, a full-
capacity spare shall be provided as general rule
for reciprocating compressors in critical services.
Alternatively, three half-capacity machines may
be specified, two running in parallel with the
third unit as a spare. Reciprocating compressors
shall be in accordance with API Std. 618 as
amended by IPS-G-PM-200, for "Reciprocating

Compressors for Process Services".

6.1.4 Rotary compressors

Rotary compressor shall be considered only
where there is proven experience of acceptable
performance of this type of compressor in the
duty concerned and only where there are
advantages over a reciprocating compressor.

The application of oil flooded screw compressors
for instrument air and of dry running rotary
screw compressors, sliding vane compressors
and rotary lube compressors for process duties,
requires the explicit approval of the Company.

Rotary-type positive displacement compressors
shall be in accordance with API Std. 619 as
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amended by IPS-M-PM-220, for "Positive

Displacement Compressors, Rotary".

6.2 Atmospheric Pressure

The absolute pressure of the atmosphere at the
site should be considered as the "absolute
pressure" in the compressor calculations. The
value of the absolute pressure is taken as 101.325
kPa at sea level and declines with increasing
altitude as shown in Table A.2 of Appendix A.

6.3 Specification Sheets

Process information required to complete
specification sheets for compressors are
presented in Appendix B.

7. CENTRIFUGAL COMPRESSORS
7.1 General

7.1.1 The centrifugal (radial flow) compressor is
well established for the compression of gases and
vapors. It has proven its economy and
uniqueness in many applications, particularly
where large volumes are handled at medium
pressures.

7.1.2 Centrifugal compressors shall conform to
API Std. No. 617 for all services handling air or
gas, except machines developing less than 35
kPa (0.35 bar) from atmospheric pressure, which
may be classified as fans or blowers.

7.1.3 Performance

7.1.3.1 Compressors shall be guaranteed for
head, capacity, and satisfactory performance at
all specified operating points and further shall be
guaranteed for power at the rated point.

7.1.3.2

a) The volume capacity at the surge point
shall not exceed the specified percentage of
normal capacity at normal speed, and normal
(unthrottled) suction conditions. The rise in
pressure ratio from normal capacity to the
surge point at normal speed shall not be less
than that specified.

b) The head developed at 115% of normal
capacity at normal speed shall be not less than
approximately 85% of the head developed at
the normal operating point.
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7.1.3.3 The head-capacity characteristic curve
shall rise continuously from the rated point to the
predicted surge. The compressor, without the use
of a bypass, shall be suitable for continuous
operation at any capacity at least 10 percent
greater than the predicted approximate surge
capacity shown in the proposal.

7.1.3.4 For variable speed compressors, the head
and capacity shall be guaranteed with the
understanding that the power may vary +4%.

7.1.3.5 For constant-speed compressors, the
specified capacity shall be guaranteed with the
understanding that the head shall be within +5%
and -0% of that specified; the power shall not
exceed stated power by more than 4%. These
tolerances are not additive.

7.1.4 The compressor manufacturer shall be
responsible for checking the "k" (ratio of specific
heats) and "Z" (compressibility factor) values
specified against the gas analysis specified.

7.1.5 Compressor mach numbers shall not exceed
0.90 when measured at any point.

7.2 Design Criteria

7.2.1 This Section of Standard covers
information necessary to select centrifugal
compressors and to determine whether the
selected machine should be considered for a
specific job.

7.2.2 An approximate idea of the flow range that
a centrifugal compressor will handle is shown in
Table 1. A multistage centrifugal compressor is
normally considered for inlet volumes between
850 and 340,000 Im*h. A
compressor would normally have applications
between 170 and 255,000 Im*h. A multi-stage
compressor can be thought of as series of single

single stage

stage compressors contained in a single casing.
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TABLE 1 - CENTRIFUGAL COMPRESSOR FLOW RANGE

Slad> po Wiz jgm paoS (4l 3> 00900 —) Jgu

SPEED TO DEVELOP AVERAGE ISENTROPIC AVERAGE POLYTROPIC NOMINAL FLOW RANGE
3048 m HEAD/WHEEL EFFICIENCY EFFICIENCY (INLET m?h)
S g yigpl 003l puileo SS9y 33b il I ok Sgdxo
Sa FoFA sy gl 9559 3 003l STl 95 bt 003l (L ol by 009
97l g5 51

170 - 850 0.63 0.60 20,500

850 -12,743 0.74 0.70 10,500

12,743 - 34,000 0.77 0.73 8,200

34,000 - 56,000 0.77 0.73 6,500

56,000 - 93,400 0.77 0.73 4,900

93,400 - 135,900 0.77 0.73 4,300

135,900 - 195,400 0.77 0.73 3,600

195,400 - 246,400 0.77 0.73 2,800

246,400 - 340,000 0.77 0.73 2,500

7.2.3 Effect of speed

7.2.3.1 With variable speed, the centrifugal
compressor can deliver constant capacity at
variable pressure, variable capacity at constant
pressure, or a combination of variable capacity
and variable pressure.

7.2.3.2 Basically, the performance of the
centrifugal compressor, at speeds other than
design, follows the affinity (or fan) laws.

7.23.3 By varying speed, the -centrifugal
compressor will meet any load and pressure
condition demanded by the process system
within the operating limits of the compressor
and the driver.

7.2.3.4 If speed is constant then Characteristic
operating curve will be also constant. The
following factors will increase suction pressure
resulting in change of discharge pressure:

a) Molecular weight of gas increases

b) Suction pressure increases

¢) Inlet temperature decreases

d) Compressibility factor decreases

e) Ratio of specific heats, k decreases
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7.2.4 Performance calculation

7.24.1 Determination of  properties
pertaining to compression

Compressibility factor (Z factor), ratio of
specific heats (C,/C, or k value) and molecular
mass are three major physical properties for
compressor which must be clarified.

7.2.4.2 Determination of suction conditions

The following conditions at the suction flange
should be determined:

a) Temperature

b) Pressure

In case of air taken from atmosphere,
corrections should be made for elevation. Air
humidity should also be considered.

c) Flow rate

All centrifugal compressors are based on
flows that are converted to inlet or actual
conditions (Im*h or inlet cubic meters per
hour). This is done because centrifugal
compressor is sensitive to inlet volume,
compression ratio (i.e., head) and specific
speed (see 6.2.7).

d) Fluctuation in conditions

Since fluctuations in inlet conditions will
have large effects on the centrifugal
compressor performance, owing to the
compressibility of the fluid, all conceivable
condition fluctuations must be taken into
consideration in determination of design
conditions.

7.2.4.3 Determination of discharge conditions
7.2.4.3.1 Calculation method

Discharge conditions of a  centrifugal
compressor can be calculated by the following
procedure.

a) Calculate the polytropic exponent "n":

1) Using the equation:
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(Eq. 1) 1

n—1

if 17, (polytropic efficiency) is known
from the manufacturer data.

1, can also be estimated from Tablel
(k is the ratio of specific heats).

2) if 7 (isentropic adiabatic

efficiency) is known, then 77, can be
found from Figs. 1 or 2 and the

Equation 1 can be used to calculate
Hn’l.

or

3) Fig. 3 is useful for rough estimation of
Hnll.
"n" can also be calculated iteratively
from equation:

4)

(Eq. 2)

Where V; and V, are specific volumes
(actual) and P, and P, are absolute
pressures at inlet and outlet conditions

n= log,, (P,/P)
log,, (V,/V,)
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S oY
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This equation applies with good accuracy
for single wheels and the overall
multistage compressor.

b) Calculate discharge
(kelvin) from equation:

temperature T»,

(Eq. 3)

(T, and T, are absolute temperatures)

These values are for polytropic
compression in an uncooled compressor
with no diaphragm cooling, no liquid
injection and no external coolers. In the
cases of internal cooling, the adiabatic
exponent "k" approximates the actual
condition.

T,=T, (P,/P;) ™"

U5 5 il e o5 slyrile (sl aobee ol
Dy ) (295 CBo b glal> o iz jgus yeS

2y ol 5L (eelS) To (295 s (@

(¥ doles)

(o d,Ua.o sl T, 9 T

P Sy b oSl Gl el o)l
ué; A&O Qﬁ"b oS t_i.._‘> LSLQ)}M:J...J
0AS (SUS ed g &l BP9 STk
00 S A o s ol e

Lls 5l caess K" gy, o sled (S

il o i
In such cases: rshlys bz o
(k-1)/k
P
P
(Eq. 4) AT =T, x (F aoles)
Tis
Where: :
AT (ios Cgle temperature increase, in (o] il 42 9) s Los iliil AT
Note: 110k

The operating temperature should not exceed
190°C (375°F) at any point in the operating
range, otherwise, difficulties will be encountered
in the mechanical design, higher temperatures up
to 232°C (450°F) are subject to Company’s
approval.

¢) Calculate adiabatic (isentropic) head Hj
(meters):

(Eq. 5)

Where:

Z,,..RT,

P (k=1)/k
Hi =——se—1 |+ -1
gM(k-1)/k|| P,

odgaze 3l ahadi a0 Sllee sl Sginse diog
(ol BB az 0 YYO) of Sl az 0 V4 5l Sllee
b o ik Djsan] 0 wled el
a0 YYY B VL labes wgine obnl (Sl
Loyd)l5 ol 4 by (Calgh,ls azye F00) ol Sl

RES

sty His (S5 2352D 5500 0 GRo) el (g

(0 aJolso)
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R is gas constant, in (8314.3
J/kmol.K);

Zave is average inlet and outlet
compressibility factors;

T is inlet absolute temperature,
kelvin (K);

M is molecular mass, (kg/kmol);

g is acceleration of  gravity,
(9.80665 m/s?).

d) Calculate polytropic head H;:
n-1)/n
(Eq 6) — Zave'R'Tl i o
FogM(-1)/n|| P,

Note:

Polytropic and isentropic heads are related by:

(Eq.7) H. 7.
H is 77is
e) Calculate gas horse power in kilowatt (hp):
(Eq. 8) Ghp=_W "HP
6119.099p
or;
(Eq. 9) Ghp =W _"His
6119.0997;
Where:
w is mass flow rate, (kg/min);
Hp is polytropic head, (m).

f) Estimate head per stage:
1) Use the following equation based on

molecular mass for calculation of
maximum head per stage:
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(Eq. 10)

2) Find uncorrected number of stages SN:

Hinax/stage = 4572 -

457.2 (M)™* () aoles)

oS o 1) SN euis s Jolye slaws (Y

(Eq. 11) SN = HP O\ dolee)
H , ax/stage
3) Correct number of stages by choosing 5o oo dae QB Ly el slaws (Y
the next upper integer, S. S ol g
4) Find H’, the head per impeller: DS o 1y (o o, glas | Joleo HLzé ) "H" (F
(Eq. 12) H = HP OY asles)
S

g) Estimate speed and wheel diameter:

1) Use Fig. 4 to find the size number;

2) Find the approximate wheel diameter,
D, from Table 2;

3) Choose pressure coefficient, x and

find peripheral velocity, u, from Fig.
5;

4) Calculate N from the equation.

5980942
D

(Eq. 13) N

|
n
Where:
N = r/min (rpm)

Hiotal Is total compressor head (meters
of fluid);

S Is No. of stages S, can also be
found by dividing H, by H’;

D Is impeller diameter, (mm);

H’ Is head per stage, (meters of
fluid);

u(mu) Is pressure coefficient, values

range from 0.5 to 0.6 (average
0.55, use Fig. 5);
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h) Brake horse power (in kilowatt):

Is determined by addition of power
losses due to friction in bearings, seals
and speed increasing gears to the gas
horse power in kilowatts (Ghp). The
equation:

(Eq. 14)

is a good estimation for these losses.

(Eq. 15)

7.2.4.3.2 P-H diagram method

The use of an enthalpy diagram, when
available, is the most accurate and an easy
method for determining power. Fig. 7
represents a section of a typical P-H diagram.
The following procedure should be followed:
starting from point 1 (inlet conditions), follow
the line of constant entropy to the required
discharge pressure P, locating the isentropic
discharge state point (2;5). Now the differential
isentropic enthalpy can be calculated from:

(Eq. 16)

H, (isentropic head) can then be found:

(Eq. 17)
Where Hj, 1s in meters of fluid.

From Egs. 17, 7, 8 and 9:

(Eq. 18)

Where A h is the actual differential enthalpy.

Mechanical losses = 0.663 (Ghp) **

Bhp = hp + mechanical losses

Ahis = h2is - hl

Hi;=Ah; x 101.978 if h is in kJ/kg

Ah =2nis _“hp

Nis  Tp
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To find the discharge enthalpy:

_ Ahjs

(Eq. 19) h2 =
MNis

+

The actual discharge temperature can now be
obtained from the P-H diagram.

7.2.5 Sonic or acoustic velocity, in any gas
may be calculated from:

k.R.T.Z\1/2
Vg :(T)

(> 9 T o8 e sl

h1 (1% Wolas)

P-H jloges 5l wlgice (oa3ly (29,5 (Hly slos (55T
&l s 4

lailgs 55 ,o 40 SiwsST L Sgo ey B-Y-V
g dawloee 3 alal

(Eq. 20) (Y- doles)
Where: - S
Vi Is in meters per second; (4l p o) e yun Vs
k Is the ratio of specific heats; oy sbole S Cas k
T Is suction absolute temperature (slS) 55 09,9 Blhao sleo T

of gas, in (Kelvin);
R is 8314.3 N.m/kmol. K.

General design practice avoids using gas
velocities near or above the sonic velocity.

7.2.6 The ratio of gas velocity at any point to
the sonic velocity of the gas is known as "mach
number, (M*)".

(Eq. 21) M* = u’/V,
Where u’ is gas velocity at any point.
7.2.7 Specific speed
At a given point, the "specific speed",

correlates the important performance factors of
adiabatic head, capacity and t/min for
geometrically similar wheels. The specific
speed of all geometrically similar wheels is the
same and does not change when the speed of
the wheel is changed.

.N.m/kmol. K AY¥Vf/Y R
YL L o035 58 ce sl oolainl o ol IS 4 2
WS pine |y Dgo ey
Ogo g 4 ahais Ho 40 8 Cepw s £-Y-V
Sgie a3l "(M) Flo sae” loie o 515

(VY doles)
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e el | Moty e ! adeie ala Sy o
slp 1y aids p j90 9 ooyl (SSLbol el | ( SIS
Sy 0 g0 Gl ) (pwtn S ] e bz 2z
Lgodg LSy (pwain Jl jl alie ks 2 pled o

(Eq. 22) Ng = 0'3155_:&/)2:?\/\7‘ (YY slas)

Where: <
Ns Is specific speed, in r/min (rpm); (Ipm) 4iBs 5 190 Ccuw> p 059 ik N
A Is flow rate, in m3h at suction Lilys 0 mVh cesp by Gl Vi
condition; Soa39
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Ha Is total adiabatic or polytropic
head, in meters;

r/min Is actual speed of wheel.

Note:

Centrifugal compressors usually have specific
speeds of 1500-3000 at the high efficiency
point.

7.2.8 Flow limits

Two conditions associated with centrifugal
compressors are surge (pumping) and stone-
wall (choked flow).

7.2.8.1 Surge point

At some point on the compressors operating
curve there exists a condition of minimum
flow/maximum head where the developed head
is insufficient to system
resistance. This is the "surge point". When the
compressor reaches this point, the gas in the
discharge  piping back-flows
compressors. Without discharge flow, discharge
pressure drops until it is within the
compressor’s capability, only to repeat the
cycle. The repeated pressure oscillations at the
surge point should be avoided since it can be
detrimental to the compressor. Surging can
cause the compressor to overheat to the point
the maximum allowable temperature of the unit
is exceeded. Also, surging can cause damage to
the thrust bearing due to the rotor shifting back
and forth from the active to the inactive side.

overcome the

into  the

7.2.8.2 Stone-Wall or choked flow

Stone-wall-or choked flow occurs when sonic
velocity is reached at any point in the
compressor. When this point is reached for a
given gas, the flow through the compressor can
not be increased further without internal
modifications.

7.2.9 Interstage cooling

Multistage compressors rely on intercooling
whenever the inlet temperature of the gas and
the required compression ratio are such that the
discharge temperature of the gas exceeds about
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150°C. Performance calculations indicate that
the head and power are directly proportional to
the absolute gas temperature at each impeller.

When interstage coolers are furnished, the
vender shall provide the following:

a. Drawing showing cooling system details

b. Data for purchasers heat and material
balances.

c. Details of provisions for separating and
withdrawing condensate .

d. Vendor’s recommendations regarding
provision for support and piping expansion.

7.2.10 Controls and instrumentation

Compressor controls can vary from the very
basic manual recycle control to the elaborate
ratio controllers. The driver characteristics,
process response and compressor operating
range must be determined before the right
controls can be selected.

7.2.10.1 Control systems

Control system shall be designed for start-up
operation, for all specified operating conditions,
and for surge prevention. The method of
control, the source of the control signal, its
sensitivity and range, and the equipment to be
furnished by vendor should be specified.
Compressor control may be accomplished by
suction throttling, variable inlet guide vanes,
variable stator vans, speed variation, a cooled
bypasss from discharge to suction, discharge
blowoff or discharge throttling.

In cases where constant speed drivers are used,
the inlet gas density can be reduced by
throttling or by adjusting the compressor guide
vanes. Different features of the centrifugal
compressor control systems are described in
GPSA.

7.2.10.2 Instrumentation

All instruments shall be located and arranged to
permit easy visibility by the operators, as well
as accessibility for tests, adjustments, and
maintenance.

Unless otherwise specified, all instruments
other than shut-down sensing devices shall be
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installed with sufficient valving to permit their
replacement while the system is in operation.
When shut-off valves are specified for shut-
down sensing devices, the vendor shall provide
a means of locking the valves in the open
position.

Except for instrument air service, bleed valves
are required between instruments and their
isolation valves. Combination isolation/bleed
valves may be used.

Refer to API Std. 614 for
instrumentation.

details on

7.2.10.3 Anti-Surge control

It is essential that all centrifugal compressor
control systems be designed to avoid possible
operation in surge which usually occurs below
50% to 70% of the rated flow.

The surge limit line can be reached by reducing
flow or decreasing suction pressures and/or
increasing discharge to suction pressure ratio.
An anti-surge system senses conditions
approaching surge, and maintains the unit
pressure ratio below the surge limit by
recycling some flow to the compressor suction.
A volume-controlled anti-surge system is
shown in Fig. 8. As the flow decreases to less
than the minimum volume set point, a signal
will cause the surge control valve to open, to
keep a minimum volume flowing through the
COMpressor.

A pressure-limiting anti-surge control system is
shown in Fig. 9. A process pressure increase
over the pressure set point will cause the blow-
off valve to open. The valve opens as required
to keep the pressure limited to a minimum of
gas or air flowing through the compressor.
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8. AXIAL COMPRESSORS
8.1 General

8.1.1 Axial compressor is usually a single inlet,
uncooled machine consisting essentially of
blades mounted on a rotor turning between rows
of stationary blades mounted on the horizontally
split casing.
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8.1.2 All requirements and recommendations
specified in this Section are amendments or
additions to those of Section 6 of this Standard.

8.1.3 Performance guarantee

a) Compressors shall be guaranteed for head;
capacity and satisfactory performance at
all specified operating points and further
shall be guaranteed for power at the
normal operating point.

b) For variable-speed compressors, the head
and capacity shall be guaranteed with the
understanding that the power may vary
+4%.

¢) For constant-speed compressors, the
specified capacity shall be guaranteed
with the understanding that the head shall
be specified for 100.0 and 105.0 percent;
the power consumption shall not exceed
stated power by more than 4%. These
tolerances are not additive.

d) For compressors handling side loads or
for two or more compressors driven by a
single drive, the required performance
guarantee for each compressor "section"
shall be agreed upon by the Company and
the Vendor.

8.2 Design Criteria
8.2.1 Performance

8.2.1.1 The minimum head rise to surge of an
axial machine should be specified. The normal
operating point shall be at least 10% removed in
flow from surge point.

8.2.2 Gas velocities

General guideline for good design practice
indicates an axial velocity for air of 91 to 137
meters per second. For other gases, the axial
velocity range is in direct proportion to the
speed of sound of the gas compared to air. The
internal shape of the machine is usually
arranged to give constant gas velocity as the gas
travels through.
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8.2.3 Volume

The size is determined by the inlet volume. The
lower volume limit is approximately 8500 m3/h
but the upper limit practically does not exist,
units have been built to handle well above
1,700,000 m*/h.

9. RECIPROCATING COMPRESSORS
9.1 General

9.1.1 The reciprocating compressor is a positive
displacement unit with the pressure on the fluid
developed within a cylindrical chamber by the
action of a moving piston. It may consist of one
or more cylinders each with a piston or plunger
that moves back and forth, displacing a positive
volume with each stroke.

9.1.2 Reciprocating compressors shall conform
to API 618 for all services except portable air
compressors, and standard utility air
compressors of 400 kW or less with not more
than 900 kPa (9 bar) discharge pressure. This
latter group will generally be purchased as
packaged units.

9.1.3 Reciprocating compressors normally
should be specified for constant-speed operation
to avoid excitation of torsional and acoustic
resonances. Rated speed (in revolutions per
minute) is the highest speed required to meet
any of the specified operating conditions. When
variable-speed drivers are used, all equipment
shall be designed to run safely to the trip speed
setting.

9.1.4 When considering the use of a single
frame for cylinders on different services
particular attention shall be given to the means
of independently controlling the different
process streams. Care shall also be taken to
ensure that the frame, transmission and driver
can accept the wide variety of loadings that
occur during all operating modes including
start-up and shut-down.

9.1.5 Speed ranges

The vendor shall inform the purchaser of all
critical speeds from zero to trip speed or
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synchronous  speed that
acceleration or deceleration.

occur

during

b 5 85 Slojas Gt b ol e b o
e oMbl 1) audl o slasl ols el b oo ol

Low speed unit-up to b oS e oo axly | 330 r/min (rpm)
Medium speed unit Liogio ey ozl 330 to 700 r/min (rpm)
High speed unit-over 3 O — Vb Sy wx g 700 r/min (rpm)

Generally high speed units are preferred for units
under 1865 kW. For larger units the choice is
between low and medium speed.

The compressor vendor shall provide the
necessary lateral and torsional vibrations that
may hinder the operation of the complete unit
within the specified operating speed range in any
specified loading step.

9.1.6 Capacity control

9.1.6.1 Capacity control for constant-speed units
normally will be obtained by suction valve
unloading (depressors or lifters), clearance
pockets, a combination of both pockets and
unloaders, or bypass. Operation of controls shall
be automatic. Unless stated otherwise, five-step
unloading shall provide capacities of 100, 75, 50,
25 and 0 percent; three-step unloading shall
provide capacities of 100, 50, and 0 percent; and
two-step unloading shall provide capacities of
100 and 0 percent.

9.1.6.2 Capacity control on variable-speed units
generally is by speed control.

9.1.6.3 Clearance pockets may be either the two-
position type (pocket either open or closed) or
the variable-capacity type. If not specified, the
Vendor shall propose on the data sheet the type
recommended for the Purchaser’s or Company’s
operating conditions.

9.1.6.4 When unloading for startup is necessary,
unloading arrangement shall be stated on the
data sheet or shall be mutually agreed upon
between the Purchaser’s and or the Company’s
and the Vendor.

9.2 Design Criteria

9.2.1 This Section covers information necessary
for process engineers to determine the
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approximate power required to compress a
certain volume of gas at some intake conditions
to a given discharge pressure, and estimate the
capacity of an existing reciprocating compressor
under specified suction and discharge conditions.

9.2.2 Reciprocating compressors are furnished
either single-stage or multi-stage. The number of
stages is determined by the overall compression
ratio.

9.2.3 On multistage machines, intercoolers may
be provided between stages. Such cooling
reduces the actual volume of gas going to the
high pressure cylinders, reduces the power

required for compression, and keeps the
temperature within safe operating limits.
9.2.4 Reciprocating compressors should be

supplied with clean gas as they cannot
satisfactorily handle liquids and solid particles
that may be entrained in the gas.

9.2.5 In evaluating the work of compression, the
enthalpy change is the best way. If a P-H
diagram is available, the work of compression
should always be calculated by the enthalpy
change of the gas in going from suction to
discharge conditions.

9.2.6 The k value of a gas is associated with
adiabatic compression or expansion. The change
in gas properties at different states is related by:

(Eq. 23) P,

For a polytropic compression the actual value of
"n" (polytropic exponent) is a function of the gas
properties such as specific heats, degree of
external cooling during compression and
operating features of the cylinder. Usual
reciprocating compressor performance s
evaluated using adiabatic C,/C,.

9.2.7 "Power Rating" or kilowatt rating of a
compressor frame is the measure of the ability of
the supporting structure and crankshaft to
withstand torque and the ability of the bearings,
to dissipate frictional heat. The rated power
includes the effect of equipment such as
pulsation suppression devices, process piping,
intercoolers, after coolers, and separators.

V=P, VS =P, V'
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9.2.8 "Rod Loads" are established to limit the
static and internal loads on the crankshaft,
connecting rod, frame, piston rod, bolting and
projected bearing surfaces.

9.2.9 Performance calculation

9.2.9.1 Determination of properties pertaining
to compression

Compressibility factor (Z factor), ratio of
specific heats (C,/C, or k value), and molecular
mass are three major physical properties for
compression which must be clarified. Mollier
diagrams should be used if available.

The k value, may be calculated from the ideal
gas equation:

(Eq. 24) K=%r
Where:
Mcp is molar heat capacity at
constant pressure (kJ/kmol.K);
R is gas constant, 8.3143

kJ/kmol K.

Method presented in Tables A.3 and A.4 of
Appendix A can be used for calculation of k
value of hydrocarbon gases and vapors.

9.2.9.2 Determination of suction conditions
The following conditions at the suction flange
should be determined:

a) Temperature

b) Pressure

In case of air taken from atmosphere,
corrections should be made for elevation. Air
humidity should also be considered.

¢) Flow rate

Since the maximum and minimum flow rates
are important parameters in compressor
selection in some cases, studies must be
conducted carefully.

For the purpose of performance calculations,
compressor capacity is expressed as the
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actual volumetric quantity of gas at inlet to
each stage of compression on a per hour basis

2 el 5o 639y B ez k> lode

(Im?/h). (Im?/h) ssice Olo o515 al> 50
1) Inlet volume %99 px=> ()
From mass (weight) flow W, (kg/h): (kg/h)(559) s0y> bz 5

(Eq. 25) Q —% “;szl L21 ) (YO aolee)
Where: - S
R Is gas constant; ¢l ol R
M Is molecular  mass, in (kg/kmol) (Josle ¢, M
(kg/kmol);
P: Is absolute pressure, in (kPa); «kPa) slao Lzd Py
T, Is absolute temperature, in (K); «(K) sllae slos T
Z; Is gas compressibility factor at 1699,9 bl 0 S8 sl o515 w4

inlet condition;

Z Is gas compressibility factor at Sjlastinl bl j0 58 6 pd o515 cuye 4L
standard condition.

From (Sm?h): (Sm’/h) ;!
101.34 _T,.Z,
(Eq. 26) =q(Sm’/h (V$ aolxs)
q Q=q( )(288 15)(PZ )
From (Nm?/h): (Nm*/h) !
3 101.34 T1.Z1
Eq. 27 Nm~ /h YV doles
(Eq. 27) Q=q( 3155z ZL) (YV dolae)
2) Piston displacement O gy (bl (Y
Piston displapement is equal to the net p@ston O oAl mhe  Jobw Ggien  olbul>
area multiplied by the length of the piston 1 ol . Ve .
sweep in a given period of time: SR S Oy 2y 8y Jsb syl
] GLA).
For a single-acting piston compressing on the sl jo ks (S15 a5 a8l S g sl
outer end only: 9h oo pll > 5
. 2
(Eq. 28) pp = S/min(D 9)” 60 _ 47.124x1079 xS(r/mimD2 (YA aoleo)
4x10
For a single acting piston compressing on the Sl o ks (ST e adb S e @l
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crank end only:

PD =

S(r/min)(D?% —d%)mx 60

(Eq. 29)
4x10°

and for a double acting piston (other than rod
tail type):

S(r/min)(2D> —d?)7 x 60

= 47.124x1072 xS(r/min)(DZ —d?) (Y4 asles)

(Eq. 30) PD =

Where:

4x10°
PD Is piston displacement, in
(m*/h);
S Is stroke length, in (mm);
D Is cylinder inside diameter, in
(mm);
d Is piston rod diameter, in
(mm);
r/min Is compressor speed, in

(rotations per minute).

3) Cylinder clearance

In a reciprocating compressor the piston does
not travel completely to the end of the
cylinder at the end of the discharge stroke.
Some clearance volume is necessary and it
includes the space between the end of the
piston and the cylinder head when the piston
is at the end of its stroke. It also includes the
volume in the valve ports, the volume in the
suction valve guards and the volume around
the discharge valve seats.

Clearance volume is usually expressed as
percent of piston displacement and referred to
as percent clearance, or cylinder clearance, C.

(Eq. 31)

= f:learar%ce volume <100
piston displacement

For double acting cylinders, the percent
clearance is based on the total clearance
volume for both the head end and the crank
end of a cylinder. These two clearance
volumes are not the same due to the presence

34

(2l aws g9 5l 128) a8 )b 90 (g sl g

=47.124x107 xS(r/min)(2D* —d?) (¥+ aslw)

S

(mm) a5 Jsb S

(mm) jolew J3ls ki D
(MM) yginn diws b d

s 50 jlxo alo (Y

JU jobo 0 (gt ((ES g Sy peS (o
Lol alols g oo wiol 355 bl syl 4o
3 S S O I UL e IRT Vs VI, 2
x> ‘J.w.: o@)o N J.cl.w alols O'.’.‘ oo

).».w oLiw.M.u )90 W 9 6&9)5)M4 .IaSL?r.A olf)é

3 Gaeyd Syge A LAQ_Q.c o> e alold
alold wos 4 g dgiee olo et 2bele

g 31 C ¢ arkew jlre alold L b
7Y doleso)
)Lza A.L.olé =

C= X
Oy 2l

e dols asje ad b o sl juidls iy
IS ool Slme alolh Sjg0 4 Loges oz
Skl g o sleil 99 2 Sl jlre alols o>
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of the piston rod in the crank end of the
cylinder. Sometimes additional clearance
volume (external) is intentionally added to
reduce cylinder capacity.

4) Volumetric efficiency

The term "volumetric efficiency” refers to the
actual pumping capacity of a cylinder
compared to the piston displacement.
Without a clearance volume for the gas to
expand and delay the opening of the suction
valve(s), the cylinder could deliver its entire
piston displacement as gas capacity. The
effect of the gas contained in the clearance
volume on the pumping capacity of a cylinder
can be represented by:

Where:

p sle alols 9o opl ol joikew S e
S e Gl 5o Gt ale 525 b
S abold oz (2 iloed LSS ik
ol b osgine a8lol laee (2)) Lo

x> lewdly (F
el i b b 4 " ez el 3ol
AW g 2l b awslie o judw (0,5
5 38 blusdl slp oz jlne alold g0y 0siews
oblgy jailew ( 1Se (o) i ad 5L e L5k
3B cadyb Glaie 4 (gt pbmlz S S5ndy
Cad,b o o jlore alold 0 0gzge I8 s le
90 Ol 2 g0 4 Algie jodew 05 als

(Eq. 32) Ve =100—r—C[§—j(r)%—1] (¥ Wolss)
S
VE Is volumetric efficiency; t goz> jlore alold VE
R Is compression ratio, P,/Py; tPo/PIpST S s R
C Is percent clearance; e dlols as 0 C
Z & Zy Are gas compressibility at T 5 S, S pdy ST oy Zs & Zg

suction and discharge.

Note that volumetric efficiencies as
determined by the above equation are
theoretical in that they do not account for
suction and discharge losses. One method for
accounting for losses is to reduce the
volumetric efficiency in the following
manner:

4% for valve losses,

5% for gas slippage (for non-
lubricated compressors),

4% for heavy gases (propane and
similar).

5) Actual capacity (actual flow rate)

This is the volume of gas measured at intake
to the first stage of a single or multistage
compressor, at stated intake temperature and

L oS ooz sloglonly a5 apdly anlls azg

Sl 5 009 (5,55 Ngdoo yupxd YU alolas

Slr Uiy S0yl (e Sl ] 4l 5 S
LY o OLo..\J‘) u.dbls ! Qo; Ol

el py i,k
da s o OWI 6l p 1¥

9% Sy yaS (Gl ) pd i slp 70
(5,55,

(AJLMo 9 ubﬁf) u"i‘"" 6[.@)’[5 6‘)-.' ¥

(b 5l y2r ()l5a0) (i Cudyb (O

$99)9 0 03 (g S0l 515 e Ad> b b
Lo jo gl o 0z b S5 gm0 S Jol a0 0
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10.1.4 Cooling water

The compressor cooling water jacket shall be
designed for the specified cooling water
pressure but not less than 618 kilopascals
(absolute). The maximum pressure drop shall
be 70 kPa and provisions shall be included for
complete draining and venting of the jackets
(Modification to API Std. 619). The cooling
water design conditions shall be in accordance
with API Std. 619.

10.2 Design Criteria

10.2.1 The vendor shall assume unit
responsibility for all equipment and all
auxiliary systems included in the scope of the
order.

10.2.2 Equipment shall be designed to run
without damage to the relief valve set
pressure, specified maximum differential
pressure, and trip speed, simultaneously.

10.2.2.1 There may be insufficient driver
power to operate under these conditions.

10.2.2.2 For machines operating with variable
suction and discharge pressure levels,
maximum allowable temperature can occur
before maximum allowable pressure or
maximum allowable differential pressure
occurs. In such cases the manufacturer and the
purchaser should jointly consider and apply
suitable safeguarding controls to avoid any
damage. Controls may include but are not
limited to discharge temperature or differential
pressure.

10.2.3 Unless otherwise specified, cooling
water systems shall be designed for the
following conditions:

Water velocity over heat exchange surfaces

Maximum allowable working pressure
(MAWP)
Test pressure (1.5 times MAWP)

Maximum pressure drop
Maximum inlet temperature
Maximum outlet temperature
Maximum temperature rise
Minimum temperature rise
Fouling factor on water side

Shell corrosion allowance

ouS S of F-1-9e

Ol Lid sl Wl g meS aiS s Ol oyl
JSlslS FIA 5 sl 4 ond sl oaiS S
JSlsls Ve sl jlas cdl iSTas 0gd aS (lae)
Rboojlar plse 5 ey S5 a6l 5 0o
(API 619 s Julin) a4 axdol) sgd onys  Slasges
Sllinl b ilhe wl sanS s O slb Luyl,s
b APT 619

>l syl Y-V

alolus 9 u‘)a.@‘k.: r:Lo.: M-\.Jﬁimm J.JL) °‘>“““"3J‘9 \-Y-Ve

Casl Al 1y 0y 3 law eogaze jo (SeS sl

a3 Bl o 9,55 sl bl Sl Y-Y-Ve
g odd (ot HLa8 S iSTas adsd 1l ol (s
oy ol plepad ssb & el et

30 50,5 8 Gl easle I e el Sae 1-T-T Y0
casls (BB Ll syl

)Q )LM.B ).6.&».40 )JQLD.Q L: 45 @L&s U’“’“JLA ‘5‘14 T—T—T—“
S e les Slas S (oo I (295 5 S
oWl e Hlad M wSlas bojle jlid iSlos
Aoy Hlh S g edijle 4 (Jmld e o sl
Slp orlie Gl 58S Sibe 5k 4 05h (o
5 Ll s bn 5 5,50 a5 )3 1, o 51 5,53k

ol sl wlele was Latin o)l 5l e 4 Y=YV
gl (b p lld gly Wb eass S

ol JE gl 5y o b oo 1.52.5 ms
(MAWP) jlxe o)1 jLad jiSToo >7.0 barg
(MAWP L1, VD) yg05l jLid >10.5 barg
Jlad sl sSlas 1 bar
$3959 sled yiSlas 32°C
e sl Sl 50°C
oo il ST 17K
oo il 3l 10K
Sl s 33 6 gy 0.35 m-K/kW
Aoy jlxe (59,65 3.0 mm
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The vendor shall notify the purchaser if the
criteria for minimum temperature rise and
velocity over heat exchange surfaces result in a
conflict. The criteria for velocity over heat
exchange surfaces is intended to minimize water-
side fouling; the criterion for minimum
temperature rise is intended to minimize the use
of cooling water. If such a conflict exists, the
purchaser will approve the final selection.

10.2.4 All equipment shall be designed to permit
rapid and economical maintenance. Major parts
such as casing components and bearing housings
shall be designed and manufactured to ensure
accurate alignment on reassembly. This may be
accomplished by the wuse of shouldering,
cylindrical dowels or keys.

10.2.5 The equipment’s maximum continuous
speed shall be not less than 105% of the rated
speed for variable speed machines and shall be
equal to the rated speed for constant speed motor
drives.

10.2.6 The equipment’s trip speed shall not be
less than the values in Table 3.

S9) Sy g Lo Gl PBlas Jlae (oo a5 Jse 0
baiig 3 bl ALil dgzy Splie Oyl JU] pelaw
JEl zshe g, oy e S adhae 1yl 5wl
Ceoms 5 ()15 Cgmy Gailsy Bl @y jslaie 4y o)l >
Jlas 4 Baa b Lo aulidl Plas jlas il oo ol
3929 Uygo 4 el 0aisS S ol eolaiwl ailu,

)5 sl a1, ol S S ol

5 iy ezl i dol dhpl wish olb ol
5ige 5o 335 55 51 pliebl gl b (BLL sl dlaie
Sl ) eslitl b 45 wigd aisle 5 b wojbso
Ve 5l yieS Wl Sligas poloe ceyu iSTas O-Y-)e
Al g e ye0 slacpile Glp Al e voy
Sl 90 )55 slo easile S sl (b Co Solune
¥ Jgee polie 5l wls Slgas @by Caeyw £-Y-)e

TABLE 3—DRIVER TRIP SPEEDS
PO CRURTT- PU e F JCP-JUNIE S PR

Driver Type
0usilo )5 &4
Steam Turbine
Nema Class Aa
Nema Class B,C,Da

DB s
Aa o aslbNema
B,C,D a sus asl Nema

Gas Turbine S ey
Variable Speed Motor R 590 y5ige
Constant Speed Motor ol 590,959

Reciprocating Engine

a- Indicates Governor class as specified in NEMA SM 23.

10.2.7 Oil reservoirs and housings that enclose
moving lubricated parts such as bearings, shaft
seals, highly polished parts, instruments, and
control elements shall be designed to minimize
contamination by moisture, dust, and other
foreign matter during periods of operation and
idleness.

SS9 28 H5ige

45

Trip Speed (% of maximum Continuous Speed)
(plow ey 510 51 0o y0) aBgi s puw

115%
110%
105%
110%
100%
110%

NEMA SM23 gillas 3,8 sy aiebs s olis il

Sy szl a5 Sle albdse g €9, 3 V-Y-)e
e sl g et de (BBL B ead 655 8,
L IS szl g de ol ((lieo L Sl
L Sogll Jslas a5 Wi (b 5,5k wub wilie oo
g Slides 090 Jsb jo (215 Slge plo 5 )L wlugh,

sl ansla 1) 0,86



[

Feb. 2010/ \¥AA cyote

IPS-E-PR-750(1)

10.2.8 The power at the certified point shall not
exceed 104% of the quoted value with no
negative tolerance on required capacity.

10.2.9 The purchaser shall specify gas
composition(s). The purchaser may also specify
molecular weight, ratio of specific heats (Cp/Cv),
and compressibility factor (Z).

10.2.10 Unless otherwise specified, the vendor
shall use the specified values of flow, the
specified gas composition, and the gas conditions
to calculate molecular weight, ratio of specific
heats (Cp/Cv), and compressibility factor (Z).
The compressor vendor shall indicate his values
on the data sheets with the proposal and use them
to calculate performance data.

10.2.11 The equipment, including all auxiliaries,
shall be suitable for operation under the
environmental conditions specified by the
purchaser. These conditions shall include
whether the installation is indoors (heated or
unheated) or outdoors (with or without a roof),
maximum and minimum temperatures, unusual
humidity, and dusty or corrosive conditions.

10.2.12 The equipment, including all auxiliaries,
shall be suitable for operation, using the utility

stream conditions specified by the purchaser.

10.2.13 The allowable tensile stress used in the
design of the pressure casing (excluding bolting)
for any material shall not exceed 0.25 times the
minimum ultimate tensile strength for the
material at the maximum specified operating
temperature. For cast materials, the allowable
tensile stress shall be multiplied by the
appropriate casting factor as shown in Table 4.

e ao e V¥ Gl Wl cieds adadi jo ol A-Y-)e
F05d yidan p3Y Ced b o Ghie 5By, (e e
&S gasie 1 E (Bl)euS 5wl o, -V

slale S S ( JoSse p 2 Senl (Sen izmen >
S gasie |5 (Z) sl o515 cape g ohs (CP/CY)

3l eakig 8wl asie Sylse 5l e 4 VoY)
Ll 5 55 casie a5 ¢ gz 0ad akia polis
oy SbleS Comi (Jilse pr abre olp 8
ity S 03zl (Z) sy o515 w2 5 (CPICY)
L oldbl gloaSy o 1, Jiog> polie sl jgm S
5,80ee Sledbl acwlxe (glp sl 5l g oS oo slpin

S solaul

5 sl b (oS psly) ples Jols wlpges =Y -3
sl 3 Jawg oad asie oo Lulyd 50 08
5 b oas o)) I e ol syl Ll ol ¢ sl
clod Pl g aSTas ¢ (i 90 b L) (>, L (e

cadl (Saiyer ble llpd g ole e cugh,

) )lf 6‘)‘.‘ b ‘G”l"’ P)‘?J r:Lo.':' JaL.) ‘-“)-'-Q—’U 1V-v-y\.
i (ol Gl gy Slatie 5 Jllee Lylyl
. ML' wl...a s)‘..b)? L:My ol

dlwg >yl jo colatul 550 jlxe i s VW-Y-).
plp o IV0 5l oole yo gl (b g 5l e a) g lad
sl Sl o oole lp ol 885 Cwglio JBlos
GRS el (5,5 aidy) lge ln o wles el Slides
03 lid coslie (65 WS, s )3 Wb jlre (oS

BRYWREIN R S PRC RN

TABLE 4—CASTING FACTORS
S Ayl —F Jguo

Type of NDE Casting factor
50yl Gl g9 G5 WSy Jole
Visual, magnetic particle and/or liquid penetrant 0.8
6358 mle b 5 (suabline 0)3 (podzr w3l
Spot radiography sl ahais Bl S0, 0.9
Ultrasonic Sgol 0.9
Full radiography Jol5 B S s0l, 1.0

10.2.14 The maximum allowable working
pressure of the casing shall be at least equal to
the specified relief valve set pressure. If a relief
valve set pressure is not specified by the
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purchaser, it must be specified by the vendor.

10.2.15 Casings designed for more than one
maximum allowable working pressure are not
permitted. When a cooling jacket is utilized, this
jacket shall have only external connections
between the upper and lower housings.

10.2.16 Rotor stiffness shall be adequate to
prevent contact between the rotor bodies and the
casing and between gear-timed rotor bodies at the
most unfavorable specified conditions. Rotor
bodies not integral with the shaft shall be
permanently attached to the shaft to prevent
relative motion under any condition. Structural

welds on rotors shall be full-penetration
continuous welds and shall be stress relieved,
with  appropriate ASTM  heat treatment
procedure.

10.2.17 Shafts shall be forged steel unless
otherwise approved by the purchaser.
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APPENDICES b Cewgm
APPENDIX A Gl Cawg

TABLE A.1 - GENERAL COMPRESSOR LIMITS

)g.w).a.of (SOFE ‘SUB 00 90 - Jg..\.?

COMPRESSOR APPROX. max. APPROX. max. APPROX. max.
TYPE COMMERCIALLY COMPRESSION COMPRESSION
Ly eaS £33 USED DISCH. RATIO PER STAGE RATIO PER CASE
PRESS. kPa 15 oty 1 T o OR MACHINE
6ol s Sl ST > yo o 15 ot T STy ST
ooliiwl )90 (o y& omlo b diwgy 2
Reciprocating 240,000-345,000 10 As required
S g g 2, )
3k el
Centrifugal 20,600-34.500 345 8-10
Syl S
Rotary displacement 690-896 4 4
e el
Axial flow 550-896 12-15 565
Soge Ohz
Compressors

1
r I i

Positive Displ t Dynamic Thermal
ositive les;eacemen Type Type

Reciprocating Rotary (R(‘.:a:ri?rlif':l:g:i} Axial Flow Ejectors

" Multi-Stage Single-Stage
Single-Stage Straight Lobe Single-Stage Fixed Stator Multi-Stage
Multi-Stage Helical Lobe Multi-Stage Vanes
Integral Gas- (Screw) Horizontally Split Variable
Engine Driven Sliding Vane Verticallr Split Stator Vanes
Serarable Liquid-Ring (Barrel)
Balanced/Opposed Integral Gear
1
Diaphragm Mixed Flow
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1 ) gaw yp0S
Codeo 2l g9 S e £ > eg
| | | |
ClS g, Sy 755 =l by G970 b y> 0w
(53
Slads o S o (LObE) Solob Sl o po ST Sl a0 &l Ao po S5
&l o po Wi SS9l ank &l Al yo Wi ol Hgilowl glo ard ol al> yo aiz
G 555 g0 0usils )5 (onzms) 31 o0 dous 93 o g5 Ll (gl ad
b ol sley (] aS9) 5290 oo Aoy 90
Jilio] (G laz 51,5 &b-ail> az LSS owis
R blbize bz

Fig. A.1-TYPES OF COMPRESSORS
U g oS 1l V= a1 S

49



IE Feb. 2010/ \YAA cyoge IPS-E-PR-750(1)

TABLE A.2 - ATMOSPHERIC PRESSURE vs ELEVATION

el.é]) > g &S?.M:" )L&é -y - Jju\?‘

ALTITUDE
AVERAGE ATMOSPHERIC
(meters)
PRESSURE [kPa (abs)]
gLyl
(Moo KPa) yhmnoi T lawgio jLikd

(y%0)

0 101.325

100 99.97

200 98.84

300 97.93

400 96.60

500 95.44

600 94.54

700 93.49

800 92.04
1000 90.03
1200 87.77
1400 85.51
1600 83.42
2000 79.41
2500 74.58
3000 70.06
3500 65.54
4000 61.40
4500 57.71
5000 54.31
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TABLE A.3 - CALCULATION OF k
K daslxe ¥l Jgu

EXAMPLE GAS DETERMINATION DETERMINATION DETERMINATION OF PSEUDO
MIXTURE OF MIXTURE OF MC,. MOLAR CRITICAL PRESSURE pPc AND
35 bgleo aiges MOL. MASS HEAT CAPACITY TEMPERATURE pTc
SNg0 0,5 (i 90 2 boyF Cad )b MCp. (i PTC 5 pPc L35 Sl lod g jLid cpnns
bl
Component Mole Individual Individual Component Component Component
Name Farction Component YXMCP ;¢35 ,» MCp Critical Critical
S 55 el Y oo i Mol. Mass MCp at y x MC, Pressure Temperature
5% 2 Josg0 0 70°C at 70°C £37 Sy lad £37 Sl glod
M y*M (3lao kpa) PC
Pc, kPa (abs) y x Pc Tek y xTe
Methane 0.9216 16.04 14.782 37.471 34.533 4640.4 4276.5 190.6 175.6
Ethane 0.0488 30.07 1.467 58.39 2.850 4944.4 2413 305.6 14.9
Propane 0.0185 44.10 0.816 82.85 1.533 4256.4 78.7 370.0 6.8
i-Butane 0.0039 58.12 0.227 109.397 0.427 3749.0 14.6 406.9 1.6
n-Butane 0.0055 58.12 0.320 109.497 0.602 3658.6 20.1 4252 23
i-Pentane 0.0017 72.15 0.123 134.379 0.228 33332 5.7 460.9 0.8
Total= 1.0000 M= 17.735 MC, = 40.173 ple= 4036.9 pTc= 202.1
MC, =MC, - 8.3143 = 31.859 k=MC,/MC, =40.173/31.859 = 1.261
Note: 16919,
For values of MC, other than at 70°C refer Jsoz a4 ol Sl ax 0 Ve 5l e a4 MG,y olie gl
to Table A 4.

g dazl o F-call
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TABLE A.4 - MOLAR HEAT CAPACITY MC, (IDEAL-GAS STATE) kJ/(kmol.K)

(JT ot] 35 ) MCpJso ilo S o Pl Joor

50°0T 186 9%°6 626 00'6 9L'8 0L'8 BE'8 OTO'¥¥ t00 SPIXOIP UOqIET)
50°L 0L 669 L69 969 969 96°9 969 01088 0D 9pIXouow uoq.rer)
g49'8 9%'8 98'8 LE'8 818 118 60°8 00’8 BO'¥E StH spyIns UafoipiH
86°9 L6O £6'9 ¥6°9 169 L89 98°9 BL'D 6aT0E “H uaBoipiH
00°L 860 L6'9 96°9 969 96’9 S6'9 960 FETO'8E eN UaZ0IIN
E¢°L LT'L 4 LO°L 074 00°L 669 LG9 BR66°TE de] uadAxQ
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APPENDIX B

B.1 Process Specification Sheet for
Rotadynamic Compressors:

The minimum required information to be
included in process specification sheet shall
be as follows:

Sy oS (gl GMTP Ulasivw axbo V-o
J).?u.o ‘5”)90

03938 (san1 lasin axbo 4 a5 oY Sledbl JSlo>
DSl p Bllae Wb dgdoe

a) Process requirements

T8 ol 31 (I

- Flow at 1.013 bar (abs) and 0°C, o (Normal & Design).
S Sl az s i 5 (ko) L VY o bz - | T (b 5 ssle)
- Flow at Suction Conditions, (Normal & Design).
) m*h,
O klyl o by -
- Suction Temperature, . (Normal & Design).
,..S.q“' Lgl.o.) - C ’
- Suction Pressure 1 & Design).
| . KPa(abs). (Normal & Design)
IR )L:,.e _
- Discharge Pressure 1 & Design).
o KPa(abs). (Normal & Design)
7o Les -
- Discharge Temperature Limitation (if any) (Normal & Design).
(5525 )50 ,9) (75> sled ogaze -
- Compression Ratio (Normal & Design).
ps‘)s . . <
- Approx. C,/C, (at Suction) (Normal & Design).
(S0 ;9) (8 C/Cy - -
- Compressibility Factor (at Suction) (Normal & Design).
(B5Se )9) pdy o515 e ps -
- Mass Flow 1 & Desi
kgh, (Normal & Design).
oz ok -
- Estimated Polytropic Head (Normal & Design).
.. . P m’
Sy b o® e Jobee jLis -
- Estimated Bhp Required Lo el 3Y olgs -
’ 'n) s kW, (Normal & Design).
ST (Sya
- Estimated Gear Loss 0 ez BT - kW, (Normal & Design).
- Recommended Driver kW (Normal & Design).
o.\.’d‘o)f 0l dpogl u‘ﬁ’ - kW,
- Compressor Speed gm0 preS L g - r/min, (Normal & Design).
b) Service Sl (@
- Approximate Gas Composition (o> 200 b Jgo 00 0) 55 o) oS5 -

(vol% or mol%).

54



IS

IPS-E-PR-750(0)

- Average Molecular Mass.
- Relative Density (Specific Gravity).

- Corrosiveness & Remarks.

b (JoSbe > -
(pyata K9 JB -
SlasMe 9 ‘;..\9)9} -

¢) Site informations Joo oledbl (7
- Elevation of Plant Site from Sea Level,
Loy gl 3l sy Joma glis) - |

- Minimum Winter Temperature, oC

(Olas sles JBlas - ’
- Maximum Summer Temperature, oC

bl glos ST - |
- Normal Barometer,

sz Jloy jlad - ke
- Relative Humidity for Process Design
13 b o sy~ |

d) Available utilities

39290 (Wl B gy (O

- Cooling water: max. Inlet Temperature,
o
oS Sas ol - 9555 slod Sl ¢
max. Outlet Temperature,
‘ °C
75 sles Sl
Pressure, K
L Pa
Fouling Factor.
SIS gy
- Instrument Air Pressure,
. . kPa
B8 Il slen jlas -
- Electric Power for Instruments, volts, Phase
. . Hz.
565 g e 3Bo il alsol sl (So Sl g -

e) Compressor Location (Outdoor, Indoor).
f) Instrument Graduation System.
g) Remarks on Control System.
B.2 Process Specification Sheet for Positive
Displacement Compressors

The minimum required information to be
included in process specification sheet shall be
as follows:

55
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APPENDIX C T Cowgn
TYPICAL COMPRESSORS L
FIGURES 12900 205" SleSed g

% 1046
oot ¢ A AR LA

¢-¢¢-¢¢- 8

5

i’
=

Casing

Male rotor

Female rotor

Shaft seal
Radialfthrust bearing
Timing gear

End cover

Drive shaft

e N R

agls

00313 )5 gm0 —A 3Ll gy -V Sloj ois 5 (55950 UL B yeme oy Colii —F Folo 0uid )T —F (5 55 6id 5 —F &y -

Fig. C.1-TYPICAL SCREW COMPRESSOR
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